Background. People with HIV-1 (PWH) exhibit a high fall incidence and increased fracture risk. As little is known about fall frequency and associated factors in PWH residing in lower-middle-income countries (LMIC), we investigated fall frequency, bone quality, and factors associated with fall history in a South African cohort.
Falls are common in people with HIV-1 (PWH) [1, 2] . Falls pose a particular concern in PWH because of reduced bone mineral density (BMD), owing to metabolic changes, bone cell infection, and highly active antiretroviral therapy (ART)-induced bone loss [3, 4] . Many factors associated with falls and BMD coexist (eg, sarcopenia, balance problems), translating to a compounded high fracture risk [5, 6] . The aggregate effect of such factors may partly explain the 4-fold increased hip fracture risk in PWH relative to seronegative individuals [7] . Findings from high-income countries (HICs) indicate that 18%-41% of middle-aged PWH have a history of at least 1 fall in the prior year [5, 8, 9] . Evidence from lower-middle-income countries (LMICs) is, however, lacking-despite the fact that most PWH reside in these regions.
Although HIV-related factors are associated with low BMD [3] , published information suggests that HIV-specific variables may not be associated with fall risk [1, 5, 10] . Similarly, substance abuse-related factors (alcohol use, illegal drugs) have not shown an association with falls in PWH [2] . However, PWH have a high prevalence of various factors traditionally associated with falls. For example, the first study to report the rate and risk of falls among PWH [5] found multimorbidity, polypharmacy, and functional impairment (especially balance) to be significant fall predictors among PWH aged 45 to 65. Subsequent studies have also cited medication use [10] [11] [12] , subjective imbalance symptoms [5, 10, 13] , objective functional impairment (slowed walking, impaired balance, impaired sit-to-stand) [9, 10, 14] , frailty [9, 15] , obesity [8, 10] , peripheral neuropathy [1, 9] , depression [1, 8] , smoking [5, 10] and increasing age [1, 8] as fall risk factors in PWH.
Some inconsistencies in fall-associated factors have, however, been noted between study populations from HICs and LMICs. For example, protease inhibitor (PI) use has demonstrated both a harmful (LMIC) [15] and protective (HIC) [10] association with falls, and polypharmacy was a fall risk factor in HIC studies [5, [10] [11] [12] , whereas the only study from sub-Saharan Africa found no association [15] . These contrasting observations may be explained by factors unique to the study location. In South Africa, specifically, some individuals have limited access to ART or present late for treatment due to the stigma of the disease or cultural reasons. No or delayed treatment leads to faster disease progression and associated functional decline [16] . Furthermore, the selection of essential prescription medicine may differ in LMICs with limited medication access, resulting in a different risk-benefit ratio relative to HICs [15, 17] . There is a need to identify and understand fall-associated factors in PWH in the distinct local context of LMICs.
Understanding and addressing the profile of fall-associated factors in PWH, especially in LMICs, could reduce fall incidence, should these factors be modifiable. However, as existing data regarding associated factors are derived from HICs, these may not be applicable to LMICs, where socioeconomics, nutrition, and HIV-specific characteristics likely differ. The relatively younger, working-age profile of most PWH in sub-Saharan Africa (new infections being focused in young adults) [18] implies that falls (and related injuries) may occur at an earlier age and require long-term management. The majority of these young PWH are on new-generation highly active ART [19] . Although these drugs, if taken as prescribed, may reduce the risk of developing impairments such as peripheral neuropathy [20] , a growing concern is the phenomenon of accelerated or accentuated aging. This may lead to the development of fall risk factors at younger-than-expected ages [2] . Early screening, before the onset of gross impairment, is thus important-1 example being the fact that early balance impairments have been noted in PWH even before the onset of neuropathic signs [21] .
This study therefore aimed to assess a cohort of South African PWH by focusing on the frequency of any fall occurring during the prior 12 months and also fall-associated factors. It is envisaged that the results of this study will provide preliminary evidence to address the knowledge gap regarding falls among PWH in an LMIC setting. Considering the high burden of disease, long-term care, and consequent cost, our aim was to focus on an important segment of the relatively young population of PWH in South Africa, namely adults who may not necessarily be screened for falls, despite potentially already manifesting with fall frequencies of which health care practitioners should be aware of. We thus included a cohort without obvious predisposing factors to gait/balance impairments and related falls. For example, peripheral neuropathy [1, 5, 8, 9] and obesity [8, 10, 22] may cause functional gait and balance impairments and have been associated with falls in PWH. Increased awareness of fall frequency within a relatively young population of PWH without obvious risk factors could contribute to regular screening, which may be useful for reducing fall risk or injury severity.
METHODS

Participants
This was an exploratory analysis of cross-sectional data from a study of locomotor impairments in PWH. The locomotor study was part of a larger ongoing study (Cape Winelands HAART to HEART Study [CWH2H]). The study population primarily consisted of male and female adults (patients and family or friends) residing in and around the Cape Winelands District, Western Cape, South Africa, and visiting 2 public primary care Community Health Centers (CHCs). PWH were recruited between June 2016 and December 2017 by research nurses or HIV counselors who approached adults either already participating in the parent study or attending the CHC. Eligibility criteria included (1) age 18-65 years, (2) body mass index (BMI) <25 kg/ m 2 , (3) independent ambulation, and (4) ability to consent and participate in study procedures. Exclusion criteria were (1) pregnancy or <3 months postpartum, (2) acute opportunistic infection/illness, (3) peripheral neuropathy, (4) major neurological conditions, (5) neuromusculoskeletal impairments/injury affecting normal gait, (6) visual impairment, or (7) alcohol intoxication. A confirmatory laboratory test result of HIV-1 infection was required for participation. The study conformed to the Helsinki Declaration and was approved by the Stellenbosch University Health Research Ethics Committee. Participants signed informed consent and received compensation for research activities. Specific consent was obtained for HIV testing, and preand post-test counseling was supplied where necessary.
Procedures
All procedures were performed at the local CHC or an adjacent venue. During a single study visit, participants completed questionnaires and underwent instrumented motion analysis (results reported elsewhere) [23] and clinical measurements including functional performance tests. The order of physical testing procedures was randomized. BMD screening was introduced later during the course of data collection, after amendments to the original study protocol.
Measures
A fall was defined as "an unexpected event in which the participant comes to rest on the ground, floor, or lower level" [24] . Fall history assessment over the prior 12 months (using retrospective recall at a single time point) was comprised of questions previously used in a South African Western Cape population [25] . Only falls not resulting from a major external (eg, pedestrian accident) or medical (eg, stroke) event were considered. Participants were asked whether they ever sustained a fracture. Fear of falling was assessed using a single question with a dichotomous response [26] . This approach is less sensitive than psychological indicators of fear or balance confidence but was a practical option during data collection and provides similar information [26] .
BMD was screened via calcaneal quantitative ultrasound (QUS) using the SONOST 3000 ultrasound bone densitometer (OsteoSys, Korea). This device has proven useful for BMD screening in resource-limited settings, and the utility of QUS was demonstrated in PWH [27] . QUS estimates different parameters (bone quality, including density, structure, and elasticity) than dual energy x-ray absorptiometry (DEXA; BMD as bone quantity). Although QUS is not currently recommended for the diagnosis of osteoporosis, it can be used to screen and identify high-risk individuals, based on device-specific cutoffs previously validated in populations of intended use [28] . Bone quality was expressed using the Bone Quality Index (BQI), calculated by the device from the QUS parameters Speed of Sound (SOS; indicating bone density/elasticity) and Broadband Ultrasound Attenuation (BUA; indicating bone structure). BQI has a lower precision error and better predicts fractures than BUA or SOS and positively correlates with femoral/lumbar BMD values from DEXA in PWH [27] . The SONOST classifies results as normal (>-1), osteopenic (-1 to -2.5), or osteoporotic (≤-2.5) using T-scores, which represent BQI in standard deviation units from the mean in healthy young adults of the same sex. QUS T-scores correlate well with DEXA in PWH (r s = .43-.55; all P < .001) [29] . Three QUS measurements of the nondominant foot were performed to obtain an average.
Other potential fall-related variables included demographic and clinical characteristics, self-reported measures, and physical performance tests. Variables were selected from available participant data (from the parent study) based on fall-associated factors cited previously [5, 6, 8-11, 13, 30] or considered potentially important in the local context. Data extracted from the CWH2H study included age, sex, tobacco smoking, alcohol use, medication use, and comorbidities. Participants not enrolled in the CWH2H study were subjected to additional questions extracted from the CWH2H questionnaire. Polypharmacy was defined as chronic use of ≥2 non-ART medications, complementary medications, or supplements. Multimorbidity was defined as the presence of ≥2 chronic comorbidities over and above HIV infection. Extracted HIV-related data included HIV duration, most recent CD4+ cell count, viral load, and ART history. When these data were not available from the CWH2H database, results were obtained confidentially from medical records. ART nonadherence (defined as missing >2 prescribed ART dosages per week) was assessed using self-report.
Self-reported mobility function (walking problems) and anxio-depressive symptoms were assessed using relevant domains from the 5-level European Quality of Life FiveDimensions questionnaire (EQ-5D-5L). The EQ-5D-5L is available in South African English, Afrikaans, and isiXhosa. It has been validated in PWH [31] and applied in South Africans [32] . Responses were captured on a 5-point Likert scale and subsequently dichotomized ("problems"/"no problems").
Functional movement and balance were assessed using the Health ABC Physical Performance Battery (PPB) [33] . The battery is scored according to standing balance (30-second positions held in semitandem, tandem, and single-leg standing), time taken for 5 sit-to-stand repetitions without arm assistance, walking speed (time to ambulate 6 usual-paced meters), and a narrow-walk test of dynamic balance (time to ambulate a 6-meter-long, 20-cm wide walkway). Ratio scores from the 4 individual tests (each ranging from 0 to 1) were summed to generate a continuous score ranging from 0 to 4. This approach aims to minimize ceiling effects and maximize overall dispersion on each measure [33] . Total PPB score and component ratio scores were statistically analyzed for fall association.
Statistical Analysis
Analyses were performed using SPSS (version 25.0; IBM Corp.). Summary statistics included frequencies and percentages, medians and interquartile ranges (IQRs), or means and standard deviations. Associations between categorical variables and falls grouping (fallers vs nonfallers) were analyzed using chi-square tests. For continuous data, differences between fallers and nonfallers were evaluated using independent t tests (normal data) and Mann-Whitney U tests (skewed data). The significance level was set at P <.05. Effect sizes (ES) were expressed as Cramer's phi (φ), Pearson's r, or Cohen's d, as appropriate. ES interpretation was according to Cohen's guidelines for the d-family ES index (.2 = small; .5 = medium; .8 = large) or for the r-family measure of association (.1 = small; .3 = medium; .5 = large) [34] .
RESULTS
Of 100 PWH screened, 21 refused or were unavailable after CWH2H participation, 13 had a BMI >25 kg/m 2 , 5 did not arrive for testing procedures, 3 had active pulmonary tuberculosis, 2 were feeling unwell, and 2 were aged >65. Four data sets were additionally excluded due to corrupted motion analysis data. Thus 50 data sets were analyzed. Participants had a median age (IQR) of 36.6 (32.0-45.6) years. More than half were female (58.0%) and current tobacco smokers (52.0%). Most PWH (44.0%) had an HIV duration of 5 to 15 years. On average, the CD4+ count was <500 cells/μL, and 45.7% of PWH had undetectable viral loads (data missing for 4 PWH who were not enrolled in the CWH2H study and had no values recorded in medical records). Almost all PWH (90.0%) were using ART (median duration, ~2.3 years). Nonadherence was reported by 22.2% of ART users. Non-ART polypharmacy and multimorbidity were present in 32.0% and 8.0%, respectively.
Fear of falling was reported by 20.0% of PWH. Two PWH had missing data for anxio-depressive symptoms (1 omitted the question; another completed all domains incorrectly). Among 48 PWH with available data, 25.0% reported anxio-depressive symptoms. Among 49 PWH, 22.4% reported mobility problems. Fracture questioning was introduced, along with BMD screening, and thus data were available for 44 PWH, of whom 29.5% reported previous fractures.
The median total PPB score (IQR) was 2.4/4 (2.2-2.7). Best performance was evident for the balance domain (including achievement of maximum domain score), and worst performance for the chair stand domain.
Thirty-four percent of PWH reported falling in the past year. A single fall was reported by 20.0% of PWH (58.8% of fallers), whereas 14.0% (41.2% of fallers) reported multiple falls. The most common reasons reported for falling were tripping (n = 7; 41.2%), legs giving way/dizziness (n = 5; 29.4%), and slipping (n = 2; 11.8%). Fallers were more likely to have detectable viral loads, worse self-reported mobility function, higher fear of falling, fracture history, and worse PPB balance score (all P < .050). Age, gender, time since HIV diagnosis, current CD4+ count, ART use (including PI), ART duration, polypharmacy, multimorbidity, smoking, and depression were not associated with falls (all P > .050). Differences between fallers and nonfallers were moderate to large based on ES for detectable viral load (φ = .340), mobility problems (φ = .355), fear of falling (φ = .380), fracture history (φ = .454), and PPB balance score (r = .508) ( Table 1) .
Forty-four PWH (88.0%) were screened for risk of reduced BMD. This subsample had similar demographics to the overall sample and comprised 31 nonfallers and 13 fallers. The median BQI (IQR) was significantly lower (medium ES; r = .310) in fallers than in nonfallers (77.8 [67.9-82.9] vs 84.1 [78. .0]; P = .040). According to QUS screening, 27 (61.4%) PWH with available data were at risk of reduced BMD: 25 (56.8%; 92.6% of those with decreased BMD) were classified as potentially osteopenic, and 2 (4.5%; 7.4% of those with decreased BMD) as potentially osteoporotic. Relative to nonfallers, a significantly larger proportion of fallers were at risk of abnormal BMD, a difference with medium ES (P = .045; φ = .317). One faller (7.7%) and 1 nonfaller (3.2%) were classified as potentially osteoporotic (Figure 1) .
DISCUSSION
This is the first study to assess fall frequency and associated factors in a sample of South African PWH. Our findings, although preliminary, suggest that fall screening and prevention may be important in this population at relatively young ages, given that a large proportion of PWH (median age, <40 years) reported previous falls and demonstrated reduced bone quality. These observations were in a cohort without obvious predisposing factors for mobility or balance impairments. The fall frequency in our study is higher than that observed in the general population of young to middle-aged (HIC) adults [35] . Data from this age bracket are lacking for LMICs, but our results resemble rates in a sample of 837 community-dwelling South African older adults [36] , which (although not reported) may have included PWH, given South Africa's large prevalence. Statistics in PWH from HICs also resemble our results [5, 30] , although these cohorts were ~20 years older than our sample. The high rate noted in our young cohort may be explained by a different HIV profile to that of PWH in HIC studies. Although most HIC studies found no association between falls and viral load, these studies included cohorts with mostly undetectable viral loads [1, 5, 8, 12, 30] . The discordance noted between ART use and virologic suppression in our sample may be reflective of South African PWH [37] , where poor ART adherence or virological failure may be common [16] . Increased viral load may be associated with impaired neuromotor performance in PWH [38] or a frailty phenotype associated with falls [9] , and even low levels of detectable virus have been associated with higher immune activation levels, virological failure, and poorer clinical outcomes [39] . It may be worth further investigating the association between viral load and falls, especially in LMICs.
Although the prevalence of reduced BMD in PWH seems generally higher in LMICs relative to HICs [4] and may be doubled in PWH relative to HIV-seronegative controls (at least in HICs) [3] , no studies have investigated associations between BMD and falls in PWH. We found that a large proportion of PWH, especially fallers, may be eligible for DEXA to confirm/ exclude osteopenia/osteoporosis. Our results emphasize the importance of screening and modifying risks for both falls and fractures in younger-than-expected PWH [3] . Given that the relationships between BMD, functional impairment, and falls may be multidirectional [2] , interventions that simultaneously reduce fall risk, improve function, and increase BMD may hold the most benefit.
In accordance with published reports, we found that objective balance impairments are associated with fall frequency. Objective and self-reported balance impairments are well-established and consistent fall predictors in community-dwelling adults of all ages, including PWH [5, 10, 35] . Quantitative balance measures have demonstrated increased center-of-pressure (COP) excursion in PWH under challenging conditions [23, 38] , potentially indicating a reduced ability to adapt and shift the body's COP to prevent falling. Our findings indicate that in a South African context, increased awareness of balance problems is important and that screening should be considered in a young population without obvious risk factors. Importantly, balance assessment in a high-functioning population with HIV should be revisited, as we have found high ceiling effects in our sample using a combination of tandem-and single-leg standing tests. Further research to ascertain the most sensitive balance test in a highfunctioning group is warranted. Fear of falling models suggest that such fear directly and negatively affects balance function [40] . It is also suggested that fear of falling stems from judging one's own balance ability, along with contributing factors (eg, fall history) [40] . Falls associated with balance problems may cause further fear of falling, ultimately reducing quality of life [41] . Relationships between fear of falling, balance, and falls are thus likely multidirectional, and risk factors may be shared. Unfortunately, our analysis cannot shed light on whether fear of falling precedes balance impairments or falls; this should be addressed in larger longitudinal studies.
This is the first study to report on an association between selfreported walking function and falls. A significant association existed between walking problems and falls, highlighting the potential clinical utility of using self-report as a simple, no-cost screening tool in an LMIC context. Using a person-centered tool to identify adverse outcomes related to mobility function in PWH is further supported by the fact that self-reported mobility problems have been associated with reduced quality of life, poor ART adherence, and barriers to health care access in PWH [42] . Regarding objectively measured gait, we found that fallers tended to walk faster than nonfallers, although not significantly so. Other fall studies have reported similar nonsignificant trends in PWH [5, 9] . This could suggest a nonlinear relationship between falls and walking speed in PWH, where a greater risk of falls may exist in fast walkers [43] .
Many of the previously cited fall risk factors in PWH were not associated with falls in this cohort. This may be explained by the relatively young age and a profile generally free of multimorbidity (including peripheral neuropathy and obesity), along with the study setting. For example, we found no association between polypharmacy (a commonly cited fall risk factor among PWH in HICs [5, [10] [11] [12] ) and falls. Recently, Ssonko et al. [15] found no association between polypharmacy and falls in an sub-Saharan African cohort of PWH. These authors suggested that persons residing in HICs may be more prone to taking multiple medications, resulting in a higher potential of harm, compared with those from LMICs [15] .
Fall prevention is a critical health and prevention issue regarding elderly care in the general population. Although fall risk is usually not a concern in younger persons, fall prevention may be of importance for young to middle-aged South African PWH without obvious predisposing factors for gait or balance impairments. HIV-1 and modern ART have been associated with accelerated or accentuated aging, which may compound fall risks in PWH as they age. It may be worth extrapolating from the high-quality evidence existing for older adults, which has recommended multifactorial risk assessments and screening to identify fall risk. A holistic management model that simultaneously focuses on local contexts and modifiable factors, including balance impairment, along with factors that may impact viral load and overall wellness of PWH, may be valuable in the unique context of LMICs.
This study is limited by a relatively small sample, and the cross-sectional design prohibits causal inferences. The small number of event observations prohibited multivariate analyses; thus we could not assess confounding or independence of association. Although the study sample provides unique insights into relatively young nonobese South African PWH without peripheral neuropathy, the results may not be generalizable to other clinical settings. Finally, fall history was based on a reliance on retrospective self-reporting that may have resulted in inaccurate reporting.
CONCLUSIONS
This is the first study to show that one-third of young to middle-aged South African adults with HIV (<40 years) without known predisposing factors for gait and balance impairments experience falls. Self-reported mobility problems, fear of falling, previous fractures, balance impairments, detectable viral load, and reduced bone quality were associated with falls in univariate analyses. This exploratory study warrants further research with defensible sample sizes and longitudinal designs to ascertain predictors of falls within this population.
